Abstract One recent innovation in the field of gynecology is laparoendoscopic single-site surgery (LESS). It is associated with reduced postoperative pain and better cosmetic outcome. The present paper aims to explain techniques and instrumentations associated with single-port hysterectomies. A retrospective case-control study is included, comparing LESS with conventional four-port hysterectomies to highlight the feasibility of LESS. This study involved literature search and personal experience regarding single-port hysterectomy and a retrospective case-control study of 34 patients who underwent supracervical hysterectomy between April 2011 and November 2012. Operating time, blood loss, and length of hospital stay were similar in the two groups. Patient's evaluation of the cosmetic result was in favor of LESS, however not significant. LESS represents a new frontier in minimally invasive surgery. New instrumentation and recommendations have been developed which are expected to make the technique more feasible. This study demonstrates that LESS supracervical hysterectomy has comparable operative outcomes to conventional laparoscopic hysterectomy and is a feasible approach for supracervical hysterectomy. Based on the literature and our experience, a feasible step by step technique for surgeons who are interested in performing supracervical LESS hysterectomy is described. Comparative data and prospective trials are required in order to determine the clinical utility and impact of LESS in treatment of gynecological conditions in the future.
Introduction
Hysterectomy is among the most commonly performed gynecologic surgeries. The method of hysterectomy has evolved during the recent years from laparotomy to laparoscopic procedures which continuously are being improved [1] . The advantages of a minimally invasive laparoscopic approach compared to traditional laparotomy are reduced postoperative pain, reduced perioperative bleeding, reduced risk of infection, faster recovery, better cosmetic results, and shorter hospital stay [2, 3] . Current efforts aim to reduce perioperative morbidity associated with laparoscopic surgery. One of the more recent innovations in the field of minimally invasive surgery is laparoendoscopic single-site surgery (LESS). This technique allows the surgeon to perform the abdominal intervention through a single incision in the navel, as compared to the traditional multiport laparoscopic surgical technique, which requires three or more abdominal incisions [4] . Each working port has an inherent risk of bleeding, infection, organ damage, hernia formation, and decreased cosmetics; the ideal goal of laparoscopy is to reduce port number and port size [5] .
LESS technique has been implemented in urology, gastrointestinal surgery, and gynecology in an attempt to reduce abdominal wall trauma [6] . Evidence suggests that singleport laparoscopic hysterectomy (LESSH) is a feasible and safe approach [1, 4, 5, 7, 8] . However, it remains to be seen whether there are significant benefits of LESSH compared to conventional laparoscopic hysterectomy (CLH).
The technical challenges of LESSH include limited triangulation and compromised retraction due to the limitation of the instruments through a single axis. Due to instrumental angulation, surgeons may encounter difficulty with suturing, requiring a greater level of surgical expertise. One significant finding has been the extended operation time performing LESSH [4, 9] . However, studies show that with increasing operator experience, operative time can be reduced [1, 4] .
In gynecology, supracervical hysterectomy has been attractive for patients with fibroids or abnormal bleeding and the absence of a specific indication for removal of the cervix, citing lower complication rates (less bleeding, fewer infections/abscesses and vaginal cuff hematomas, trauma to urinary tract), shorter operative times, less postoperative pain, faster recovery, and a less complicated procedure. Arguments against the supracervical procedure are the potential for bleeding from residual endometrium in the cervical stump, absence of using the vagina as a port for specimen removal, the need for a continued cervical screening program, and the potential risk of future cervical pathology [10] [11] [12] [13] [14] .
Subjective and objective outcomes such as less postoperative pain and improved cosmetic results have been associated with single-port surgery. It has been suggested that these findings can be partly explained by avoidance of the secondary ports penetrating abdominal muscles [15] [16] [17] . The present paper aims to explain techniques and instrumentations associated with single-port hysterectomies. A retrospective casecontrol study is included, comparing LESS with conventional four-port hysterectomies to highlight the feasibility of LESS (Fig. 1 ).
Material and methods

Methods
Patients were recruited from the primary health care sector by specialists in gynecology and were referred to the Minimal Invasive Gynecological Surgery (MIGS) unit at AlerisHamlet Hospital in Copenhagen, Denmark. All patients underwent pelvic examination and transvaginal ultrasound in the outpatient clinic. Patients were then scheduled for surgery within 3 weeks. Inclusion criteria for the LESSH procedure were BMI<35, ultrasound-estimated uterine weight<300 g, no suspicion of malignancy and periumbilical adhesions, and American Society of Anesthesia (ASA) I-II. If a patient met the inclusion criteria for the LESSH procedure, she was offered a choice between the two types of laparoscopic procedures: LESSH or CLH. The patients were informed that CLH was the standard procedure at the department and that the LESSH technique was a new but feasible technique, where studies indicated that the safety was comparable to CLH. The patients were further informed that the LESSH procedure To make the two procedures LESSH and CLH as comparable as possible for this study, only supracervical operations were included.
Study design
A case-control study including 34 performed supracervical hysterectomies between April 4, 2011, and November 16, 2012, was conducted. Based on the surgeon's explanation and preoperative discussion, the patients freely chose their preferred operation. Each corresponding CLH which met given LESSH inclusion criteria was picked after each selected LESSH, in order to make the two groups comparable. All operations were performed by the department's two experienced surgeons.
The primary endpoint of this retrospective study was to compare operative details, operation time, blood loss, and length of hospital stay between the two groups, as well as the technical difficulties with the procedures. Secondary endpoint was to evaluate patient satisfaction using a questionnaire sent out to the patients. The questionnaire focused on the time interval before returning to everyday activities and work and also the patient's evaluation of the performed operative procedure and cosmetic outcome.
Data collection
Clinical characteristics age, BMI, ASA, and indication for surgery and surgical characteristics operation time, blood loss, uterine weight, and length of hospital stay were recorded for each patient. Among the 34 patients, 27 completed the questionnaire in which they assessed the cosmetic result, overall satisfaction with the performed surgery, and whether they would recommend it to others. The excluded seven patients had either moved from the country, had an invalid telephone number, or were unreachable after repeated attempts to contact them during 1 month's time.
Statistics
Data were collected and processed using IBM SPSS v20®. Descriptive analytics included percentage, median, and range. Differences between the two groups were analyzed using the Mann-Whitney U test for nonparametric distribution. A p value <0.05 was considered to indicate statistical significance.
Results
A total of 34 supracervical laparoscopic hysterectomies were included in this study, with 17 patients in each group: LESSH and CLH. Indication for hysterectomy included uterine fibroids, n = 20 (58 %); lower abdominal pain from hematometra after endometrial resection, n=4 (11 %); dysmenorrhea, n=4 (11 %); menorrhagia, n=3 (8 %); and metrorrhagia, n=2(6 %). Age, BMI, and ASA-value showed no statistical differences between the two groups. No LESSH operation was converted to CLH or laparotomy, and no CHL procedure was converted to laparotomy (Table 1) .
Surgical outcomes are shown in Table 2 : median operation time of 70 min, blood loss of 30 mL, and uterine weight of 140 g in the LESSH group compared to 70 min, 30 mL, and 130 g in the CLH group, respectively. Six patients from the LESSH group were discharged from hospital on the day of operation, compared with two patients from the CLH group. The majority of patients, 10 patients in the LESSH group and 15 in the CLH group, were discharged the next day. One patient in the LESSH group stayed more than 1 day because of postoperative nausea. There were no significant differences between the two groups in any of the parameters: duration of surgery, blood loss, and uterus weight. Reviewing LESSH, the median duration of surgery, blood loss, and uterus weight showed no significant difference between the first eight patients, compared to the next nine patients (Table 3) .
Median time before returning to work was 14 days for patients in LESSH group and 10 for the CLH group. The median scores for cosmetic result, overall assessment, and if they were to recommend surgery for others were 10, 10, and 10, respectively, in the LESSH group against 9, 9, and 10 in the CLH group. No significant difference was found between the two groups for any of these parameters (Table 4) . 
Discussion
Recent advances in laparoscopic equipment and improvements in surgical skills have further enhanced the advantages of laparoscopic surgery. Many surgeons have attempted to reduce abdominal wall trauma by minimizing the number of ports and the size of instruments. A limited number of studies suggest that using a single-port entrance is associated with fewer days of immobilization and higher rates of patient satisfaction [1, 18] . This study may indicate likewise, as many patients who underwent the LESS procedure were discharged from hospital the same day as the operation. LESSH patients' median score in this study on the questions concerning patient satisfaction, including cosmetic outcome, was 10, whereas CLH patients' median score was 9. This difference was not statistically significant; however, the score suggests that LESS might be advantageous cosmetically. A cross-sectional study done by Eom et al. [3] and a more recent randomized study by Song et al. [17] showed better cosmetic result and overall satisfactory rate by patients undertaking the LESS procedure compared to the conventional procedure.
The LESSH procedure has the disadvantage of restricted movements of surgical instruments due to the proximity of the instruments [2] . One of the indicators found to be significant in the majority of earlier studies was prolonged operation time. Lack of surgical experience and the need for new instruments with more flexibility have been suggested as the causes for the extended operating times with the single-port technique [1, 4, 9] . In this study, no difference in operation time was found, even when comparing the first eight patients with the next nine patients ( Table 3 ), indicating that the learning curve was steep.
The steep learning curve may suggest the importance of following the technical recommendations from the literature. Additionally, the surgeons had experience with less complicated adnexal single-port operations on women as well as previous training in pig labs before performing hysterectomy. Lab training before performing LESSH operations is highly recommended, and simple adnexal operations are most feasible when LESSH is introduced.
The rate of complications in this study is, like in larger randomized controlled studies, low in laparoscopic hysterectomy [2, 3] . Even though the incision in the umbilicus with LESS in several procedures is larger than in traditional multiport laparoscopy, recent literature indicates that the risks of herniation are comparable [19] . In supracervical hysterectomy involving morcellator use as in this study, the length of the incision in the umbilical fascia is comparable to traditional multiport laparoscopic hysterectomy.
Recently, there have been concerns and discussions about possible remnants of the rare but serious sarcoma fibroid tissue left behind in the abdominal cavity after power morcellation (FDA Issues Safety Communication on Laparoscopic Uterine Power Morcellation in Hysterectomy and Myomectomy 2014). The LESSH procedure may contribute to a reduction of the risk of leaving morcellated tissue behind in the abdominal cavity, as this technique facilitates morcellation of uterus inside a plastic bag in combination with the LESS triport.
The design of this retrospective case-control study implies risks of bias. Patients who met the inclusion criteria for LESSH were informed about the procedure. Patients choosing the LESSH procedure were probably more motivated to receive the most minimal surgery possible, while patients (1-10) 10 (8-10) 9 (2-10) 0.399 Cosmetic outcome, score (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 10 (9-10) 9 (3-10) 0.167 Recommend surgery, score (1-10) 10 (9-10) 10 (8-10) 0.427
In the scoring procedure, 1 indicates unsatisfactory, while 10 satisfactory. Data is presented as median (range) a Mann-Whitney U test choosing the standard procedure (CLH) probably were less concerned about the cosmetic outcome and preferred to undergo a procedure already well established.
To confirm the feasibility and safety of LESSH, including the risk of more rare complications and the safety of general implementation of the procedure, will require large randomized controlled studies.
Conclusion
LESSH represents a new frontier in minimally invasive surgery. New instrumentation and recommendations have been developed, which are expected to make the technique more feasible. This study demonstrates that LESSH has comparable operative outcomes to conventional laparoscopic hysterectomy and probably improved cosmetics. It is a feasible approach for supracervical hysterectomy when following recommendations from experienced surgeons in the field of LESS. Comparative data and prospective trials are required in order to determine the clinical utility and impact of LESS in treatment of gynecological conditions in the future.
Equipment and technical recommendations for performing LESS supracervical hysterectomy
The following recommendations are based on a combination of recommendations from leading surgeons in the field of LESS in the literature and lectures on conferences [20] .
Recommended equipment 1. Access device of good quality like TriPort 15 TM (Olympus®, Hamburg, Germany) or GelPoint TM (Applied Medical, Rancho Santa Margarita, CA) allowing an instrument of minimum of 12 mm for morcellation. 2. Five mm 30°rotable or flex tip optics, preferably with light cable in line with the shaft of the telescope. If not available, a 90°adaptor for the light cable can be used to minimize interference with the light cord. 3. Curved and/or straight grasper and straight active instrument (where the angle of the working instrument can be rotated). In order to reduce the number of instrument exchanges, a combined grasping, coagulation, and cutting instrument is recommended. 4. Uterine manipulator of good quality with a ring to delineate the vaginal fornix for better presentation of the uterine vessels. 5. For supracervical hysterectomy, no suturing is required; however, a monopolar/bipolar hook or loop (Lina loop, Lina medical®, Copenhagen, Denmark) facilitated amputation of the uterus at the cervical-isthmic level.
6. A 12-15-mm morcellator, preferably mechanical, to avoid formation of smoke during morcellation.
Recommended procedures and techniques
It is recommended to perform several simple adnexal LESS procedures before performing hysterectomy. Training in BPig Lab^is an advantage, and performing the first LESS hysterectomies with a trained LESS surgeon is highly recommended.
1.
Access technique (Hasson)-1.5-2-cm longitudinal transumbilical skin incision and opening of the subcutaneous fat. With two Kocher clamps, the fascia is elevated and an incision is made. A blunt retractor is inserted through the peritoneum into the peritoneal cavity. The access device is placed in accordance with the manufacturer's instructions for use. 2. General procedure-after insufflation, the optic is placed in the most cephalic port with the tip close to the abdominal wall looking down and the camera head close to the chest. Then, the straight or curved grasper is inserted. Consider whether the active instrument has to pass over or under the grasper before it is introduced. It is important to maintain the laparoscope and surgical instruments in different horizontal planes in order to avoid instrument clashing. To reduce the problem of instrument clashing on the outside, the instrument handles can be kept horizontal and parallel to the floor Bgangsta^. Multifunctional instruments, with grasp, coagulation, and cut, reduce the number of instrument movements and exchanges and are especially helpful in LESS surgery. 3. Hysterectomy step by step (the primary surgeon on the left side of the patient and will begin the hysterectomy on the left).
a. After the camera is inserted as mentioned above, the uterus is positioned upward and toward the right by the uterine manipulator. b. The assistant instrument (curved or straight grasper) is then inserted through the left canula and can be used to augment the positioning of the uterus to present the left utero-ovarian and broad ligaments. c. The electrosurgical instrument is then inserted through the right canula and the utero-ovarian ligament and broad ligament including the round ligament can be sealed and transected. (When exposure is better when lateral tension on the left ovary is created, the grasper is inserted through the right canula and the active instrument through the left canula.) d. The broad ligament is opened and the bladder peritoneum is opened from the left to the midline, and the peritoneum on the left side is pushed downwards. During this procedure, the uterus is positioned to the back with the uterine manipulator to expose the bladder peritoneum. e. The left uterine vessels are sealed on the edge of the ring of the uterine manipulator in the vagina. During this procedure, the uterus is positioned upward and against the right by grasper and manipulator in order to reduce the risk of injury to the ureter. f. The right side of the hysterectomy is performed by positioning the uterus toward the left. The grasper is positioned through the right canula and the operating instrument through the left canula. The same procedure is performed (c to e) on the right side, and the bladder is pushed down and the uterine vessels in both sides is sealed and transected. g. The sealed uterine vessels are cut bilaterally and hemostasis ensured. h. The loop is placed around the cervix, and it is visually secured that no bowel is close to the cutting edge. After removing the uterine manipulator, the cervix is pulled forward and away from the bowel using the loop and corpus uteri is amputated. The amputation can alternatively be performed with an electrical hook. i. The endocervix is coagulated to reduce the risk of persisting endometrial tissue. j. The uterus is morcellated by a 12-or 15-mm morcellator through the 15-mm port (or the GelPoint). During morcellation, it is of utmost importance that the morcellator is kept away from the bowel and close to the abdominal wall. The tip of the morcellator must at all time during morcellation be visible. A laparoscope with flexible tip is an advantage during this procedure. k. If problems occur, including during morcellation, an additional port should always be considered. l. The umbilical fascia is closed with delayed absorbable suture and the skin as a separate layer with consideration of perfect adaption of skin edges to avoid secretion and achieve perfect cosmetic appearance.
On the basis of the quite substantial and promising results in the literature and by following these recommendations, we find it feasible for experienced surgeons to initiate studies and, in protocol, perform LESS supracervical hysterectomies.
